Ethnicity and peripheral arterial disease  by Hobbs, S.D. et al.
REVIEW
Ethnicity and Peripheral Arterial Disease
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Introduction: the prevalence of peripheral arterial disease (PAD) is relatively well defined for the Caucasian population.
Given the susceptibility of Asians and Afro-Caribbeans to coronary heart disease and stroke respectively, and the high
prevalence of cardiovascular risk factors in both groups, one would expect a high prevalence of peripheral arterial disease.
Methods: a search of MEDLINE (1966±2002) was undertaken for studies on the incidence and prevalence of PAD,
abdominal aortic aneurysms (AAA) and cerebrovascular disease in different ethnic groups.
Results: there are very few population-based prevalence studies assessing PAD, AAA or cerebrovascular disease in non-
Caucasians. A review of hospital-based series demonstrates different patterns of PAD between ethnic groups. Blacks and
Asians have a tendency towards more distal occlusive disease and AAA appear to be predominantly a disease of Caucasians.
It is not clear whether these studies provide a true representation of the prevalence of arterial disease in various ethnic
groups or are the result of an unmet health care need.
Conclusions: further studies are required to establish the prevalence, natural history and response to treatment of PAD,
AAA and cerebrovascular disease in non-Caucasians. Only when this has been achieved, can clinically and cost-effective
health care be delivered to affected individuals from different ethnic groups.
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Introduction
The epidemiology of peripheral arterial disease (PAD)
in the Caucasian population, and the impact it has on
the provision of health care services, are relatively
well defined. By comparison, very little appears to
be known about PAD in the non-Caucasian popula-
tion. Further information about PAD in non-
Caucasians is important because they make up an
increasing proportion of Western populations, espe-
cially in inner city areas. For example, non-Caucasians
make up 7% of the population of Great Britain and
28% of the population of London (1991 National
Census data). In addition, a clear understanding of
the epidemiology and natural history of any condition
is a prerequisite for the planning and implementation
of effective health care. The evidence-base for the
treatment of PAD is founded almost exclusively on
Caucasian patients. These treatments may be inappro-
priate, not cost effective, and even harmful in patients
from other ethnic backgrounds.
Here we review what is known of the ethnic differ-
ences in PAD, including abdominal aortic aneurysms
(AAA) and cerebrovascular disease, and explore the
possible reasons for such differences, and propose
strategies for further research in this important area.
A MEDLINE literature search (1966±2002) was per-
formed to identify articles relating to vascular disease
in ethnic groups other than Caucasian. Search terms
included `` ethnic groups'', `` Asians'' or `` Blacks'' com-
bined with `` peripheral vascular/arterial disease'',
`` abdominal aortic aneurysm'', `` cerebrovascular
disease'', `` stroke'', `` transient ischaemic attack'' or
`` carotid endarterectomy''. Cross-referencing from the
reference lists of major relevant articles identified fur-
ther papers. Highest priority was given to population-
based studies and where these were not available
hospital-based case series were studied.
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Ethnicity
The term ethnicity implies a shared origin, back-
ground, culture, traditions, language and religion,
leading to a sense of group identity. Ethnicity needs
to be differentiated from race, which relates to the
division of people on the basis of physical character-
istics, for example skin colour.1 In the U.K., although a
wide range of different ethnic groups are recognised
(Table 1), ethnic data are not, or incompletely, recor-
ded by many government agencies, including the
National Health Service (NHS). The same is probably
true of most European countries and this lack of uni-
form ethnic coding greatly hampers understanding
and research in this area.
Ethnic Differences in Vascular Risk Factors
It is well recognised that ethnicity has a major impact
on the prevalence of coronary heart disease (CAD)
and the major vascular risk factors. Indeed, South
Asians aged 20±69 years, living in the U.K., have
approximately a 40% higher mortality from CAD
when compared to age and sex matched Caucasians.2
This is often attributed to the less favourable vascular
risk factor profile seen amongst South Asians. In the
U.K., South Asians have a two fold higher prevalence
of hypertension3 and five fold higher prevalence of
diabetes compared to Caucasians.4 Despite having
similar total cholesterol levels, South Asians have
lower high-density lipoprotein levels and higher
triglyceride levels.4 Afro-Caribbeans also have an
increased prevalence of hypertension and diabetes
when compared to Caucasians,5 however they seem
more prone to stroke (ischaemic and haemorrhagic),
rather than CAD.6
Disentangling the factors that lead to these observa-
tions is complicated by the need to consider ethnic
sub-groups. In the same way that cardiovascular risk
varies significantly between Caucasians living in dif-
ferent European countries, in the U.K., Bangladeshis
have lower rates of CAD compared to Indians and
Pakistanis.4 This is despite the fact that the highest
smoking rates are found in male Bangladeshis (61%)
and the lowest smoking rates in male Indians (18%).4
Paradoxically, although only 1±5% of Asian females
smoke, they are almost twice as likely to suffer from
CAD than Caucasian females.4
Lower Limb Arterial Disease
Epidemiology
Approximately 20% of the middle-aged (55±74 years)
Caucasian population have an ankle-brachial pressure
index (ABPI) 50.9.7 Of these, one quarter (ca. 5% of
the total population) is symptomatic with intermittent
claudication, the commonest manifestation of PAD.7,8
The prevalence of claudication increases until the age
of 75 years, after which it appears to decline.9 In the
Framingham study, males were affected almost twice
as often as females,9 but in the Edinburgh Artery
Study, men and women were affected almost equally.7
Claudicants have an annual mortality of 5±10%, which
is 3±4 times higher than that observed in an age
and sex matched non-claudicant population.8,10 This
excess mortality is almost exclusively due to cardiac
events, ischaemic stroke and other vascular cata-
strophes. By contrast, the risk of developing critical
limb ischaemia appears to be small (1±2% per year).11
There are, by comparison, no large population-
based studies assessing the prevalence of PAD in
non-Caucasians. Those that do exist suggest that the
prevalence of PAD is lower than that seen in Western
series (Table 2). These studies however, are predom-
inantly retrospective hospital-based case series and
case control series, evaluating PAD in non-Caucasian
diabetics. These highly selective populations make
the extrapolation of data to the general population,
and direct comparison with Caucasian populations
difficult.
The anatomical distribution of PAD appears to vary
with ethnic origin. A retrospective analysis of 1215
patients admitted under the vascular service of a
South African hospital identified a similar distribution
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of aorto-iliac occlusive disease among whites, Asians
and blacks. In this group however, striking differences
were observed between males and females (male:
female ratio; whites 2:1; Asians 7:1; blacks 16:1).12 This
same series showed that the prevalence of femoral±
popliteal and infra genicular disease was higher in
blacks and Asians when compared to whites.12 This
apparent predisposition for infra-inguinal disease in
black patients is supported by other hospital-based
studies and persists even after adjusting for diabetes
and other cardiovascular risk factors.13,14
The available literature on the pattern of PAD in
Asians is very limited. As for blacks this is confined
to small hospital-based case series. Shead examined
the distribution of PAD in a South Indian hospital-
based study of 112 non-diabetic males (mean age
45 11.6 years) presenting with PAD. The distribu-
tional pattern in these cases was 23% aorto-iliac, 41%
femoro-popliteal and 36% distal.15 The mean age of
the patients with distal disease was only 37 (12.8)
years, significantly younger than would be expected
in a Caucasian cohort. Whilst the aorto-iliac and
femoro-popliteal disease was thought on angiography
to be predominantly (96 and 64%) atherosclerotic, the
majority of the distal disease was felt to be consistent
with thrombo-angiitis obliterans (TAO) (Buerger's
disease).15 Pathological studies in India confirm the
high incidence of Buerger's disease amongst Asians.
In a study of 115 limbs amputated for PAD, Buerger's
disease was shown to be present in 32% of cases.16
This is much higher than in the Western population.
Ethnic differences in the pathophysiology of athero-
sclerosis have been observed in post-mortem studies.
It has been demonstrated that in adolescence and
early adulthood, blacks have 1.5 times greater fatty
streaking of their aortas compared to whites, a finding
that was not associated with pre-mortem lipid levels,
blood pressure or obesity. In later life however, whites
develop more extensive raised lesions.17 We do not
know why the transition from fatty streak to advanced
atherosclerotic lesion is different between blacks and
whites; nonetheless, an understanding of this process
in different ethnic groups may be key to our under-
standing of the different patterns of disease observed.
Surgical treatment
There are reliable data to indicate that the availability
and outcome of surgical treatment of CAD,18,19 and
possibly lower limb PAD, varies with ethnic back-
ground. Of course, it is difficult to separate ethnicity
from the socio-economic and other factors that may
cause bias. The majority of the available PAD studies
compare white and black Americans.13,14,20 These stu-
dies show that African Americans appear more likely
to undergo infra-inguinal than aorto-iliac bypass,
thereby supporting the notion that blacks have a
greater tendency to develop distal disease.20,21 When
compared to white males and females, respectively,
American black men are 1.13, and black women 1.93
times more likely, to undergo femoral bypass.20 There
Table 2. Prevalence of peripheral arterial disease (PAD) in different ethnic populations.
Study Population PAD
Prevalence (%)
Author Year Country Source (No.) Sex (M:F) Age
Janka60 1980 Munich, Germany Diabetics attending hospital
diabetic clinic (623)
2:3 Not stated 15.9 
Fernando61 1993 Sri Lanka NIDDM attending hospital
diabetic clinic (500)
3:2 52 6.1 3.8 y
Age and sex matched
controls (250)
3:2 53 6.1 1.3 y
Mohan62 1995 South India NIDDM attending hospital
diabetic clinic (3167)
Male 55±60 yrs{ 3.2 z
NIDDM attending hospital
diabetic clinic (1174)
Female 55±60 yrs{ 5.0 z
Bhuripanyo63 1992 Thailand NIDDM attending hospital
diabetic clinic (207)
1:3 56.8 9.8 7.7 y
Bowlin64 1994 Israel Population sample (10 059) Male 40±65 2.7 
Fowkes7 1991 Edinburgh, Scotland Population sample (1592) 1:1 55±74 4.5 y
17 z
24.6 §
NIDDM, non-insulin dependent diabetes mellitus. Ankle pressure 430 mmHg less than brachial pressure.
{ WHO claudication questionnaire.
{ Ankle:brachial pressure index 50.9.
§ ABPI50.9 or reactive hyperaemia pressure reduction 420%.
{Approximate mean age.
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was no mention in this study of angioplasty rates.
These were however, examined by Tunis, who
reviewed 7210 procedures performed for PAD in
Maryland, U.S.A. After adjusting for age, sex, diabetes
and hypertension, blacks were 1.6 times more likely
than whites to have surgery, but 42% less likely to
undergo angioplasty.22
Amputation
The general consensus from surgical series seems to
be that while African-Americans with PAD are more
likely to undergo surgery, they are more likely to
receive amputation and less likely to have bypass
surgery or angioplasty. This persists even after adjust-
ing for the common risk factors21±24 (Table 3).
Diabetes is one of the predominant risk factors for
the development of lower limb ischaemia requiring
bypass and has a higher incidence in African-
Americans. However, even after adjusting for their
increased prevalence of diabetes, diabetic African-
Americans remain twice as likely to undergo above-
knee or below-knee amputations and approximately
50% more likely to undergo toe/foot amputation
than age and sex matched Caucasian diabetic
Americans.23,25±27 There are very few data from other
countries, however, a single U.K. study did not show
an excess of amputations in diabetic black patients.28
They showed that women have equivalent rates of
amputations in both ethnic groups and African
Caribbean men have a third of the risk of European
men. We must keep in mind that inequalities in
healthcare in the U.S.A. and higher smoking rates
may account for the differences seen.
The reduced revascularisation rates and higher
rates of amputation for PAD observed in blacks may
be attributed to either a different pattern of disease
precluding successful revascularisation, or to more
advanced disease at presentation. This is highlighted
by the observation of Madiba et al. that 79% of
black patients presenting with aorto-iliac disease had
a threatened limb, whilst whites and Asians predom-
inantly attended with claudication.29 This suggests
that black patients presented later to the health care
services, possibly due to unequal access to adequate
healthcare.
Abdominal Aortic Aneurysm (AAA)
AAA (defined as an aortic diameter4 3.0 cm) is pre-
sent in ca. 5% of middle-aged (55±75 years) Caucasian
males and is the commonest cause of non-cardiac
sudden death in this group.30,31 The incidence of
AAAs appears to be on the increase, however it is
unclear whether this reflects a true increase in the
incidence, is due to more advanced diagnostic imag-
ing techniques resulting in improved identification of
cases, or is a consequence of the aging population.32
As for lower limb occlusive disease, there are no
significantpopulation-basedstudiesestimatingthepre-
valence of AAA in populations other than Caucasian.
Indeed, population-based data do not exist for blacks
and Asians. The literature that does exist suggests that
there is a lower prevalence of AAA in ethnic commu-
nities compared to that described in Caucasians
(Table 4). Surgical series from Western multi-ethnic
countries suggest that AAA repair is largely confined
to the Caucasian population. For example, large
studies from America indicated a standardised rate
for AAA repair of 0.33 for Black males,20 and a retro-
spective operative series from the U.K. reported no
episodes of AAA repair in the Asian population
(14% of the local population) over a 7-year period.33
There are scarcely any data on the relative balance of
elective and emergency (ruptured) AAA repair with
one study reporting similar rupture rates between
whites (20%) and blacks (23%).34
As with lower limb revascularisation, to what
extent these data reflect the true epidemiology of the
condition, or simply an unmet health care need, is
unclear. When AAAs are identified in Blacks they
tend to occur at a significantly younger age12,34,35
which may reflect a different underlying pathology
or more aggressive disease. Interestingly, a similar
prevalence was observed between black and white
females.34,36 This is in contrast to the pattern observed
Table 3. Differences in operative treatment for peripheral arterial disease (PAD) between whites and blacks.
Study Amputations (%) Bypass operation (%) Angioplasty (%) Ratio of amputation:
revascularisation
Black White Black White Black White Black White
Tunis 199322 777 (41) 1113 (22) 954 (50) 3051 (59) 183 (9) 1002 (19) 0.69 0.28
Guadagnoli 199523 1621 (57) 5386 (33) 1089 (38) 8984 (55) 135 (5) 2021 (12) 1.33 0.49
Huber 199921 3956 (56) 11 473 (26) 3115 (44) 32 793 (74) No data 1.27 0.35
Collins 200224 892 (44) 2042 (23) 1146 (56) 6702 (76) No data 0.79 0.30
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in Caucasians where, in screening studies, AAAs are
six times more common in men compared to women.37
The pathogenesis of abdominal aortic aneurysm
The pathogenesis of AAAs appears to be different in
the black population. In South Africa, 99% of aneur-
ysms in Caucasians had features of atherosclerosis.
However, in blacks, only 34% were atherosclerotic
with the majority being due to non-specific aorto-
arteritis (64%) or tuberculosis (18%).34 Infectious dis-
ease is now considered to be an important cause of
aneurysm formation in developing countries. A study
from Zimbabwe demonstrated that 52% (33/63) of
aortic aneurysms affected the thoracic aorta with
48% of these patients having serologically confirmed
syphilis.38 More recently, the global rise in HIV infec-
tion, leading to immunosupression and opportunistic
infection, has resulted in increasing number of reports
of HIV-related AAAs.39,40 These aneurysms were
primarily thought to be associated with opportunistic
infection, for example TB, however, it is now appre-
ciated that HIV itself may lead to both occlusive and
aneurysmal arterial disease, possibly through the
development of a specific vasculitic process.41
Cerebrovascular Disease
In the European population, between 70 and 90% of all
strokes are ischaemic42 and, of these, approximately
one half is believed to be due to athero-embolism from
the carotid bifurcation. Across Europe, the incidence
of ischaemic stroke varies almost two-fold from 183
per 100 000 in France to 349 per 100 000 in Sweden
(Table 5).42 Males are approximately 1.5 times more
likely to be affected than females and the incidence
increases with age.43
Table 4. Prevalence of abdominal aortic aneurysms (AAA) in different ethnic populations.
Study Population AAA
Prevalence  (%)
Author Year Country Source No. Sex (M:F) Age
Adachi65 2000 Japan Screened residents of a
rural farming community
1591 2:3 68 15 0.3
Johnson36 1985 North Carolina, Autopsy series Whites 1174 3:2 450 2.9 y
U.S.A. Incidental CT scan 356
North Carolina, Autopsy series Blacks 491 1.2:1 450 1.5y
U.S.A. Incidental CT scan 189
Wilmimk66 1999 Huntingdon, U.K. Screened population sample 7493 Male 50 5.2
 Aortic diameter  30 mm.
yAneurysm size not defined.
Table 5. Incidence of stroke and stroke-subtypes in different ethnic populations.
Study Stroke Subtype
Author Year Type Country Ethnicity All CI PICH SAH
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Ayla50 1995±1998 Death rates (age 425 years) { U.S.A. White 73.7 13.2 3.8
Black 95.8 22.5 5.7
Asian/Pacific Islander 45.8 20.1 5.2
CI, cerebral infarction; PICH, primary intracerebral haemorrhage; SAH, subarachnoid haemorrhage. Standardised mortality ratios using England and Wales rates as standard.
y Age- and sex-standardised per 100 000.
z Age standardised per 100 000.
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The incidence of transient ischaemic attacks (TIAs)
in European populations is poorly established, with
widely different rates reported, even from within the
same country. This may be due to differences in meth-
odology and sampling, and the difficulties surrounding
making an accurate diagnosis.44 Thus, annual inci-
dence rates range from 50 per 100 000 in France45 to
190 per 100 000 in the U.K.44 to 310 per 100 000 in Italy.46
Afro-Caribbeans have a higher incidence of,
and mortality rate from stroke but seem to have a
lower incidence of TIAs when compared to
Caucasians.6,47±49 This increased mortality most likely
reflects an excess of stroke from other causes, such as
intracerebral haemorrhage and subarachnoid haemor-
rhage, which are more common among blacks.50,51
Despite blacks also having a higher incidence of
ischaemic stroke when compared to Caucasians, they
are much less likely to undergo carotid endarte-
rectomy (CEA).49,52,53 This is probably due to the rela-
tively higher proportion of cardioembolic and small
vessel ischaemic stroke subtypes observed in blacks
(Table 5).52,54,55
There are only a few studies that assess the epi-
demiology of cerebrovascular disease in Asians
(Table 5).2,50,56,57 Data suggest that the incidence of
strokes in U.K. Asians is higher (standardised mortal-
ity ratio [SMR] 226 male, 246 female) than that seen in
Caucasians but lower than Afro-Caribbeans (SMR 394
male, 463 female).57 As with blacks, this difference is
partially accounted for by the higher incidence and
mortality from intracerebral haemorrhage and subar-
achnoid haemorrhage observed in Asians when com-
pared to Caucasians.50 Ischaemic stroke secondary to
carotid atherosclerosis occurs at a lower frequency in
Asians. A screening study from India using MRI angi-
ography estimated that only 11% of ischaemic strokes
were associated with carotid lesions suitable for
carotid endarterectomy with the majority of vascular
lesions being in an intracranial position.58
Summary
A thorough review of the literature indicates that sur-
prisingly little indeed is known about the influence
of ethnicity on the prevalence, distribution, natural
history, treatment and outcome of PAD, including
AAA and cerebrovascular disease. Although this
may reflect a lack of interest on the part of researchers
there is no doubt that this is a difficult, and potentially
politically sensitive issue to study. However, without
these data, it is impossible to plan and implement
effective health care strategies within our increasingly
multi-ethnic Western societies, or indeed in the
`` developing'' world, where vascular disease is rapidly
becoming a major cause of mortality as deaths from
communicable diseases reduce and risk factors for
vascular disease, especially tobacco consumption,
increase.59
The vast majority of the published studies analysing
the epidemiology of PAD in ethnic groups are limited
by selection bias. Most of the studies are hospital-
based series that are subject to the inherent biases
found in these types of studies. Selection bias in
hospital-based series means that the potential con-
founding factor of unequal access to health care for
different ethnic groups is not addressed. Interpreting
data is further hampered by the fact that ethnicity
is not a particularly sound epidemiological tool.
Specifically, ethnicity is not easily measured, and the
boundaries of ethnicity are becoming increasingly
indistinct. This results in difficulty testing aetiological
hypotheses when different patterns of disease are
encountered, and because of the ever-changing face
of ethnicity, research results may quickly become out
of date.1 There are also difficulties in attempting to
disentangle ethnicity, race, and life-style, which might
be quite different between 1st, 2nd and 3rd generation
immigrants.
The link between ethnicity, vascular risk factors and
arterial disease remains unclear. Asians appear to
have less atherosclerosis than Caucasians and yet suf-
fer from a higher prevalence of coronary heart disease,
whilst blacks appear to suffer from a predisposition
for infra-genicular disease and intracranial athero-
sclerosis. AAA are a predominantly Caucasian dis-
ease, reinforcing the belief that AAAs are a result of
a different aetiological process to arterial occlusive
disease. The anatomical difference in the pattern of
atherosclerotic disease is most likely to be a result of
complex interplay of environmental, cultural, and
probably, genetic factors.
An insight into the epidemiology of any condition is
essential for the planning and delivery of clinically and
cost-effective health care for affected individuals. There
appears to be a need to acquire further knowledge of
the epidemiology of PAD in the ethnic minority groups.
This can only be realistically achieved by performing
population-based, cross-sectional prevalence surveys
and prospective longitudinal cohort studies and until
this is done, the true prevalence of arterial disease in
different ethnic groups will not be known.
References
1 Senior PA, Bhopal R. Ethnicity as a variable in epidemiological
research. Br Med J 1994; 309(6950): 327±330.
510 S. D. Hobbs et al.
Eur J Vasc Endovasc Surg Vol 25, June 2003
2 Balarajan R. Ethnic differences in mortality from ischaemic
heart disease and cerebrovascular disease in England and
Wales. Br Med J 1991; 302: 560±564.
3 Cappuccio FP. Hypertension and ethnicity: prevalence and level
of detection and management in the community in England. Am
J Hypertension 1997; 10: 22A.
4 Bhopal R, Unwin N, White M, Yallop J, Walker L,
Alberti Kgmm et al. Heterogenicity of coronary heart disease
risk factors in Indian, Pakistani, Bangladeshi and European origin
populations: cross sectional study. Br Med J 1999; 319: 215±220.
5 Whitty CJM, Brunner EJ, Shipley MJ, Hemingway H,
Marmot MG. Differences in biological risk factors for cardiovas-
cular disease between three ethnic groups in the Whitehall II
study. Atherosclerosis 1999; 142: 279±286.
6 Ness J, Aronow WS. Prevalence of coronary artery disease,
ischaemic stroke, peripheral arterial disease, and coronary revas-
cularization in older African-Americans, Asians, Hispanics,
Whites, men and women. Am J Cardiol 1999; 84: 932±933.
7 Fowkes FG, Housley E, Cawood EH, Macintyre CC,
Ruckley CV, Prescott RJ. Edinburgh artery study: prevalence
of asymptomatic and symptomatic peripheral arterial disease in
the general population. Int J Epidemiol 1991; 20(2): 384±392.
8 Kannel WB. The demographics of claudication and the aging of
the American population. Vasc Med 1996; 1(1): 60±64.
9 Murabito JM, D'Agostino RB, Silbershatz H, Wilson PWF.
Intermittent claudication: a risk profile from the Framingham
heart study. Circulation 1997; 96: 44±49.
10 Criqui MH, Langer RD, Fronek A, Feigelson HS,
Klauber MR, McCann TJ et al. Mortality over a period of 10
years in patients with peripheral arterial disease. New Engl J Med
1992; 326: 381±386.
11 Weitz JI, Byrne J, Claggett P, Farkouh ME, Porter JM,
Sackett Dl et al. Diagnosis and treatment of chronic arterial
insufficiency of the lower extremities: a critical review. Circula-
tion 1996; 94: 3026±3049.
12 Robbs JV. Atherosclerotic peripheral arterial disease in blacks ±
an established problem. South African Med J 1985; 67: 797±801.
13 Gordon WC, Freeman JM, Roberts MH. A new look at periph-
eral vascular disease in blacks: a two-year update. J Natl Med
Assoc 1980; 72(12): 1177±1183.
14 Sidaway AN, Schweitzer EJ, Neville RF, Alexander EP,
Temeck BK, Curry KM. Race as a risk factor in the severity of
infragenicular occlusive disease: study of an urban hospital
population. J Vasc Surg 1990; 11(4): 536±543.
15 Shead GV, Oomen RM, Savarirayan SS. The pattern of non-
diabetic peripheral vascular disease in South India. Br J Surg
1978; 65: 49±53.
16 Kinare SG, Kher YR, Rao G, Sen PK. Pattern of occlusive
peripheral vascular disease in India. Angiology 1976; 27(3):
165±180.
17 Freedman DS, Newman WP, Tracy RE, Voors AE,
Srinivasan SR, Webber LS et al. Black±white differences in
aortic fatty streaks in adolescence and early adulthood: the
Bogalusa heart study. Circulation 1988; 4: 856±864.
18 Whittle J, Conigliaro J, Good CB, Lofgren RP. Racial differ-
ences in the use of invasive cardiovascular procedures in the
department of Veterans Affairs medical system. New Engl J Med
1993; 329: 621±627.
19 Petersen ED, Shaw LK, Delong ER, Pryor DB, Califf RM,
Mark DB. Racial variation in the use of coronary-revasculariza-
tion procedures. Are the differences real? Do they matter? New
Eng J Med 1997; 336(480±486).
20 LaMorte WW, Scott TE, Menzoian JO. Racial differences in
the incidence of femoral bypass and abdominal aortic aneurys-
mectomy in Massachusetts: relationship to cardiovascular risk
factors. J Vasc Surg 1995; 21: 422±431.
21 Huber TS, Wang JG, Wheeler KG, Cuddeback JK, Dame DA,
Ozaki CK et al. Impact of race on the treatment for peripheral
arterial occlusive disease. J Vasc Surg 1999; 30(3): 417±425.
22 Tunis SR, Bass EB, Klag MJ, Steinburg EP. Variation in utiliza-
tion of procedures for treatment of peripheral arterial disease.
Arch Internal Med 1993; 153: 991±998.
23 Guadagnoli E, Ayanian JZ, Gibbons G, McNeil BJ,
Logerfo FW. The influence of race on the use of surgical proce-
dures for treatment of peripheral vascular disease of the lower
extremities. Arch Surg 1995; 130: 381±386.
24 Collins TC, Johnson M, Henderson W, Khuri SF, Daley J.
Lower extremity nontraumatic amputation among veterans with
peripheral arterial disease: is race an independent factor? Med
Care 2002; 40(Suppl. 1): I106±I116.
25 Lavery LA, Ashry HR, van Houtum W, Pugh JA, Harkless LB,
Basu S. Variation in the incidence and proportion of diabetes-
related amputations in minorities. Diab Care 1996; 19: 87±91.
26 Resnick HE, Valsania P, Phillips CL. Diabetes mellitus and
nontraumatic lower extremity amputation in black and white
Americans. Arch Internal Med 1999; 159: 2470±2475.
27 Brothers TE, Robison JG, Elliot BM. Diabetes mellitus is the
major risk factor for African Americans who undergo peripheral
bypass graft operations. J Vasc Surg 1999; 29(2): 352±359.
28 Leggetter S, Chaturvedi N, Fuller JH, Edmonds ME. Ethni-
city and risk of diabetes-related lower extremity amputation: a
population-based, case-control study of African Caribbeans and
Europeans in the United kingdom. Arch Internal Med 2002;
162(1): 73±78.
29 Madiba TE, Mars M, Robbs JV. Aorto-Iliac occlusive disease in
the different population groups ± clinical pattern, risk profile
and results of reconstruction. South African Med J 1999; 89(12):
1288±1292.
30 Bradbury AW, Adam DJ, Makhdoomi KR, Stuart WP,
Murie JA, Jenkins Am et al. A 21-year experience of abdominal
aortic aneurysm operations in Edinburgh. Br J Surg 1998; 85:
645±647.
31 Bradbury AW, Makhdoomi KR, Adam DJ, Murie JA,
Jenkins AM, Ruckley CV. Twelve year experience of the man-
agement of ruptured abdominal aortic aneurysm. Br J Surg 1997;
84: 1705±1707.
32 Fowkes FGR, Macintyre CCA, Ruckley CV. Increasing inci-
dence of aortic aneurysms in England and Wales. Br Med J
1989; 298: 33±35.
33 Spark JI, Baker JL, Vowden P, Wilkinson D. Epidemiology of
abdominal aortic aneurysms in the Asian community. Br J Surg
2001; 88(3): 382±384.
34 Costa M, Robbs JV. Abominal aortic aneurysms in a black
population: clinicopathological study. Br J Surg 1985; 73: 554±558.
35 Dardik A, Lin JW, Gordon TA, Williams GM, Perler BA.
Results of elective abdominal aortic aneurysm repair in the
1990s: a population-based analysis of 2335 cases. J Vasc Surg
1999; 30: 985±995.
36 Johnson G, Avery A, McDougal G, Burnham SJ, Keagy BA.
Aneurysms of the abdominal aorta: incidence in Blacks and
Whites in North Carolina. Arch Surg 1985; 120: 1138±1140.
37 Wilmink ABM, Quick CRG. Epidemiology and potential for
prevention of abdominal aortic aneurysm. Br J Surg 1998; 85:
155±162.
38 Kitchen ND. Racial distribution of aneurysms in Zimbabwe.
J Rl Soc Med 1989; 82: 136±138.
39 Gouny P, Valverde A, Vincent D, Fadel E, Lenot B, Tricot JF
et al. Human immunodeficiency virus and infected aneurysm of
the abdominal aorta: report of three cases. Ann Vasc Surg 1992; 6:
239±243.
40 Sinzobahamvya N, Kalangu K, Hamel-Kalinowski W. Arter-
ial aneurysms associated with human immunodeficiency virus
(HIV) infection. Acta Chirugica Belgica 1989; 89: 185±188.
41 Chetty R, Batitang S, Nair R. Large artery vasculopathy in
HIV-positive patients: another vasculitic enigma. Human Pathol
2000; 31: 374±379.
42 Sudlow CLM, Warlow CP. Comparable studies of the incidence
of stroke and its pathological types. Stroke 1997; 28: 491±499.
43 Wolfe CDA, Giroud M, Kolominsky-Rabas P, Dundas R,
Lemesle M, Heuschmann P et al. Variations in stroke incidence
and survival in 3 areas of Europe. Stroke 2000; 31: 2074±2079.
44 Gibbs RGJ, Newson R, Lawrenson R, Greenhalgh RM,
Davies AH. Diagnosis and initial management of stroke and
transient ischaemic attack across U.K. health regions from 1992
Ethnicity and Peripheral Arterial Disease 511
Eur J Vasc Endovasc Surg Vol 25, June 2003
to 1996: experience of a national primary care database. Stroke
2001; 32: 1085±1090.
45 Lemesle M, Milan C, Faivre J, Moreau T, Giroud M,
Dumas R. Incidence trends of ischemic stroke and transient
ischemic attacks in a well-defined French population from 1985
through 1994. Stroke 1999; 30(2): 371±377.
46 Fratiglioni L, Arfaioli C, Nencini P, Ginanneschi A,
Iaquinta L, Marchi M et al. Transient ischaemic attacks in the
community: occurrence and clinical characteristics: a population
survey in the area of Florence, Italy. Neuroepidemiology 1989; 8:
87±96.
47 Lemic-Stojcevic N, Dundas R, Jenkins S, Rudd A, Wolfe C.
Preventable risk factors for coronary heart disease and
stroke amongst ethnic groups in London. Ethnicity Health 2001;
6(2): 87±94.
48 Aronow WS. Prevalence of atherothrombotic brain infarction,
coronary artery disease and peripheral arterial disease in elderly
black patients, Hispanic patients and white patients. Am J Cardiol
1992; 70: 1212±1213.
49 Oddone EZ, Horner RD, Sloane R, McIntyre L, Ward A,
Whittle J et al. Race, presenting signs and symptoms, use of
carotid artery imaging, and appropriateness of carotid endarter-
ectomy. Stroke 1999; 30(7): 1350±1356.
50 Ayala C, Greenlund KJ, Croft JB, Keenan NL, Donehoo RS,
Giles WH et al. Racial/ethnic disparities in mortality by stroke
subtype in the United States, 1995±1998. Am J Epidemiol 2001;
154(11): 1057±1063.
51 Qureshi AI, Suri MA, Safdar K, Ottenlips JR, Janssen RS,
Frankel MR. Intracerebral haemorrhage in blacks. Risk factors,
subtypes and outcome. Stroke 1997; 28: 961±964.
52 Maxwell JG, Rutherford EJ, Covington D, Clancy TV,
Tackett AD, Robinson N et al. Infrequency of blacks among
patients having carotid endarterectomy. Stroke 1988; 20(1): 22±26.
53 Horner RD, Oddone EZ, Stechuchak KM, Grambow SC,
Gray J, Khuri SF et al. Racial variation in postoperative out-
comes of carotid endarterectomy. Med Care 2002; 40(Suppl. 1):
I-35±I-43.
54 Woo D, Gebel J, Miller R, Kothari R, Brott T, Khoury J et al.
Incidence rates of first-ever ischemic stroke subtypes among
blacks: a population-based study. Stroke 1999; 30(12): 2517±2522.
55 Caplan LR, Gorleick PB, Hier DB. Race, sex and occlusive
cerebrovascular disease: a review. Stroke 1986; 17(4): 648±655.
56 Cappuccio FP. Ethnicity and cardiovascular risk: variations in
people of African ancestry and South Asian origin. J Human
Hypertension 1997; 11(9): 571±576.
57 Wild S, McKeigue P. Cross sectional analysis of mortality by
country of birth in England and Wales, 1970±1992. Br Med J 1997;
314: 705±710.
58 Padma MV, Gaikwad S, Jain S, Maheshwari MC, Misra NK.
Distribution of vascular lesions in ischaemic stroke: a magnetic
resonance angiographic study. Natl Med J India 1997; 10(5):
217±220.
59 Murray CJL, Lopez AD. Alternative projections of mortality and
disability by cause 1990±2020: global burden of disease study.
Lancet 1997; 349: 1498±1504.
60 Janka HU, Standl E, Mehnert H. Peripheral vascular disease
in diabetes mellitus and its relation to cardiovascular risk factors:
screening with Doppler ultrasonic technique. Diab Care 1980; 3:
207±213.
61 Fernando DJ, Siribaddana S, Perera N, Perera S, de Silva D.
The prevalence of macrovascular disease and lipid abnormalities
amongst diabetic patients in Sri Lanka. Postgraduate Med J 1993;
69(813): 557±561.
62 Mohan V, Premalatha G, Sastry NG. Peripheral vascular dis-
ease in non-insulin-dependent diabetes mellitus in south India.
Diab Res Clin Practice ± Supplement 1995; 27(3): 235±240.
63 Bhuripanyo P, Suwanwatana C, Kiatsayompoo S,
Graisopa S, Prasertkaew S, Bhuripanyo K et al. Vascular
complications in noninsulin dependent diabetes mellitus
(NIDDM) in Srinagarind Hospital, Khon Kaen. J Med Assoc
Thailand 1992; 75(10): 570±577.
64 Bowlin SJ, Medalie JH, Flocke SA, Zyzanski SJ, Goldbourt U.
Epidemiology of intermittent claudication in middle-aged men.
Am J Epidemiol 1994; 140(5): 418±430.
65 Adachi K, Iwasawa T, Ono T. Screening for abdominal aortic
aneurysms during a basic medical checkup in residents of a
Japanese rural community. Surg Today 2000; 30: 594±599.
66 Wilmink TBM, Quick CRG, Hubbard CS, Day NE. The influ-
ence of screening on the incidence of ruptured abdominal aortic
aneurysms. J Vasc Surg 1999; 30: 203±208.
Accepted 20 January 2003
512 S. D. Hobbs et al.
Eur J Vasc Endovasc Surg Vol 25, June 2003
